A Gram-positive, spore-forming, aerobic actinomycete, strain Gsoil 519 T , was isolated from soil of a ginseng field of Pocheon province in South Korea. The closest phylogenetic relatives were Streptomyces marinus Sp080513GE-26 T (97.94 % 16S rRNA gene sequence similarity), Streptomyces albiaxialis NRRL B-24327 T (97.84 %), Streptomyces albus subsp. albus DSM 40313 T (97.84 %), Streptomyces almquistii NBRC 13015 T (97.81 %), Streptomyces gibsonii NBRC 15415 T (97.81 %), Streptomyces rangoonensis NBRC 13078 T (97.81 %), Streptomyces sodiiphilus YIM 80305 T (97.77 %) and Streptomyces flocculus NBRC 13041 T (97.67 %). The G+C content of the genomic DNA was 71.8 mol%. The chemotaxonomic data [MK-9(H 6 ) and MK-9(H 8 ) as the major menaquinones; LL-diaminopimelic acid as a component of the cell-wall peptidoglycan; ribose, xylose, mannose and glucose as the major cell-wall sugars; and anteiso-C 15 : 0 , iso-C 15 : 0 , iso-C 17 : 0 , anteiso-C 17 : 0 and C 16 : 0 as the major fatty acids] supported the affiliation of strain Gsoil 519 T to the genus Streptomyces. The physiological and biochemical characteristics and the low level of DNA-DNA relatedness differentiated the isolate genotypically and phenotypically from recognized members of the genus Streptomyces. The isolate, therefore, represents a novel species, for which the name Streptomyces panacagri sp. nov. is proposed,
first proposed the genus Streptomyces, the type genus of the family Streptomycetaceae. The general phenotypic properties of the genus are the production of a wide variety of pigments, which are responsible for the colour of the vegetative and aerial mycelia, and the utilization of a wide range of organic compounds as sole sources of carbon for energy and growth (Williams et al., 1983; Kämpfer et al., 1991; Korn-Wendisch & Kutzner, 1992) . A lot of studies have been performed on this genus and it currently contains more than 500 species and subspecies with validly published names, making it the largest genus in the domain 'Bacteria' (Euzéby, 1997) .
Strain Gsoil 519 T was isolated from soil of a ginseng field of Pocheon Province in South Korea. This soil sample was thoroughly suspended in 50 mM phosphate buffer (pH 7.0) and spread on 1/5 modified R2A agar (MR2A; Difco) as described by Im et al. (2010) . Strain Gsoil 519 T was isolated after incubation at 30 u C for 1 month. The strain was maintained on MR2A agar at 30 u C and stored in 20 % (w/v) glycerol at 270 u C.
The genomic DNA of strain Gsoil 519 T was extracted using a commercial genomic DNA extraction kit (Solgent). The 16S rRNA gene was amplified from the chromosomal DNA using the universal bacterial primer pair 9F and 1512R and the purified PCR products were sequenced by Solgent, Daejeon, South Korea (Im et al., 2010) . The almostcomplete sequence of the 16S rRNA gene was compiled using SeqMan software (DNASTAR). The 16S rRNA gene sequences of related taxa were obtained from GenBank. Multiple alignments were performed using CLUSTAL_X (Thompson et al., 1997) and gaps were edited in the program BioEdit (Hall, 1999) . Evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1983) . Phylogenetic trees were constructed using the neighbour-joining (Saitou & Nei, 1987) and maximumparsimony (Fitch, 1971 ) methods in MEGA4 (Kumar et al., 2008) and bootstrap values were calculated from 1000 replications (Felsenstein, 1985) . T (97.67 %) . The relationships between strain Gsoil 519 T and other members of the genus Streptomyces are shown in the neighbourjoining phylogenetic tree (Fig. 1) . The isolate formed a distinct lineage in a cluster containing all the abovementioned type strains except for S. albiaxialis NRRL B-24327 T . The cluster was supported with a relatively high bootstrap value (64 %). Although S. albiaxialis NRRL B-24327 T did not belong to the cluster containing the isolate, it should be considered as closely related because of the high sequence similarity. Results from the neighbourjoining analysis were supported by the maximum-parsimony analysis.
On the basis of the phylogenetic inference, S. albiaxialis DSM 41799 T , S. albus subsp. albus KCTC 1082 T , S.
almquistii KCTC 9672 T , S. flocculus KCCM 40682 T , S. gibsonii DSM 43284 T , S. rangoonensis KCCM 40392 T and S. sodiiphilus DSM 41839 T were obtained and used as reference strains in most phenotypic tests and in DNA-DNA hybridization experiments. Phenotypic data for S. marinus DSM 41968 T was obtained from Khan et al. (2010) as it grew extremely slowly and so comparable data could not be obtained in this study.
Gram-staining was performed by the non-staining method as described by Buck (1982) . For strain Gsoil 519 T , the hyphal arrangement, spore chain morphology and spore surface ornamentation were observed by light microscopy (E600; Nikon) and scanning electron microscopy (JSM-5410LV; JEOL) after growth on International Streptomyces Project (ISP) 2 agar at 28 u C for 21-31 days. Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was determined using 1 % (w/v) tetramethyl-p-phenylenediamine. Single-carbon-source assimilation studies were performed as described by Cui et al. (2009) . Growth was examined visually on 96-well plates incubated at 30 u C for up to 7 days. Some physiological characteristics were determined with the API 20 E gallery (bioMérieux), according to the manufacturer's instructions. Anaerobic growth was tested in serum bottles of MR2A broth Filled circles indicate that the corresponding nodes were also recovered using the maximum-parsimony algorithm. Bar, 0.005 substitutions per nucleotide position.
containing 1 g thioglycolate l 21 with the upper air layer substituted with nitrogen gas and resazurin oxygen indicator. The tests for anaerobic and aerobic nitrate reduction were performed as described by Cui et al. (2009) . Degradation of DNA (using DNase agar from Scharlau, supplemented with 1 M HCl), casein, chitin, starch (Atlas 1993) , lipid (Kouker & Jaeger, 1987) , xylan and cellulose (Ten et al., 2004) were recorded after 10 days. Growth at 4, 15, 20, 25, 30, 37, 42 and 45 u C and at pH 5.0-10.0 (at intervals of 0.5 pH unit) was assessed on MR2A agar after 5 days. Growth with 1-10 % (w/v) NaCl was tested on MR2A agar for 5 days. Growth on nutrient agar, trypticase soy agar and MacConkey agar was evaluated at 30 uC.
To determine resistance to antibiotics, MR2A agar was supplemented with (mg ml 21 ) streptomycin sulphate (2, 4, 6, 12), gentamicin sulphate (2, 4, 6, 12), tetracycline hydrochloride (4.5, 7.2, 10, 15), chloramphenicol (5, 10, 15, 30), kanamycin (2, 4, 6, 12), penicillin (6, 12, 18, 24) and erythromycin (2, 4, 6, 9) . Plates were incubated at 30 u C and examined after 5 days.
Strain Gsoil 519 T was Gram-positive, strictly aerobic, sporeforming and had morphological characteristics consistent with those of members of the genus Streptomyces. Colonies cultured on ISP 2 and ISP 4 agar for 7 days produced surface and aerial mycelia with extensively branched hyphae that penetrated the agar. Colonies were mustard on ISP 2 and white on ISP 4 agar. A scanning electron micrograph showing the spore chain morphology of strain Gsoil 519 T is given in Supplementary Fig. S1 (available in IJSEM Online). The phenotypic characteristics of strain Gsoil 519 T are summarized in the species description and compared with those of the reference strains in Table 1 .
For the measurement of the G+C content of the chromosomal DNA, genomic DNA of the novel strain was extracted and purified as described by Moore & Dowhan (1995) and analysed as described by Mesbah et al. (1989) using reversed-phase HPLC. Cellular fatty acid compositions were determined for strains grown in trypticase soy broth (TSB; BD) at 30 u C for 5 days. The cellular fatty acids were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI). The fatty acids were analysed by GC (Hewlett Packard 6890) and identified using the Microbial Identification software (Sasser, 1990) . For chemotaxonomic analysis (isoprenoid quinones, cell-wall peptidoglycan types and polar lipids), strain Gsoil 519 T was grown on TSB for 5 days at 30 u C. Harvested cells were lyophilized for 24 h. Isoprenoid quinones were extracted with chloroform/ methanol (2 : 1, v/v), evaporated by vacuum and reextracted in n-hexane/water (1 : 1, v/v). The crude nhexane/quinone solution was purified using a Sep-Pak Vac silica cartridge (Waters) and subsequently analysed by HPLC as described elsewhere (Hiraishi et al., 1996) . The isomer type of the diamino acid of the cell-wall peptidoglycan was determined by TLC after hydrolysis with 6 M HCl at 100 u C for 18 h, as described by Komagata & Suzuki (1987) .
Polar lipids were extracted, examined by two-dimensional TLC and identified as described by Minnikin et al. (1977) . Cell-wall sugars were analysed as described by Staneck & Roberts (1974) . DNA-DNA hybridization experiments were performed between strain Gsoil 519 T and the reference strains by the method described by Ezaki et al. (1989) using photobiotin-labelled DNA probes and micro-dilution wells. Hybridization was performed with five replications for each sample. The highest and lowest values obtained for each sample were excluded and the means of the remaining three values were converted to DNA-DNA relatedness.
The DNA G+C content of strain Gsoil 519 T was 71.8 mol%. The respiratory quinone system of strain Gsoil 519 T contained MK-9(H 6 ) and MK-9(H 8 ) as the predominant quinones, which is consistent with the quinone system of the genus Streptomyces. The cell-wall peptidoglycan of strain Gsoil 519 T contained LL-diaminopimelic acid and the cell-wall sugars were glucose, ribose, xylose and mannose. The fatty acid compositions of the isolate and the reference strains are shown in Table 2 . The fatty acid composition of marinus DSM 41968 T . Data for columns 1-8 were taken from this study; data for column 9 were taken from Khan et al. (2010) . All strains are positive for assimilation of D-glucose. +, Positive; W, weakly positive; -, negative; ND, not detected. strain Gsoil 519 T was mainly composed of anteiso-C 15 : 0 , iso-C 15 : 0 , iso-C 17 : 0 , anteiso-C 17 : 0 and C 16 : 0 , which is typical for members of the genus Streptomyces. However, some qualitative and quantitative differences in fatty acid content could be observed between strain Gsoil 519 T and the reference strains. DNA-DNA relatedness between strain Gsoil 519 T et al., 1987) .
In summary, the characteristics of strain Gsoil 519 T were consistent with the description of the genus Streptomyces with regard to morphological, biochemical and chemotaxonomic properties. However, phylogenetic distances and the low level of DNA-DNA relatedness (Wayne et al., 1987) between strain Gsoil 519 T and recognized members of the genus, and phenotypic characteristics of the isolate (Table 1 ) support the assignment of the isolate to a novel species of the genus Streptomyces, for which the name Streptomyces panacagri sp. nov. is proposed.
Description of Streptomyces panacagri sp. nov.
Streptomyces panacagri (pa.na.ca9gri. N.L. n. Panax -acis scientific name of ginseng; L. n. ager agri a field; N.L. gen. n. panacagri of a ginseng field).
Cells are Gram-positive, strictly aerobic, spore-forming and non-motile. Hyphae are abundant and well developed. Produces mustard-coloured surface and aerial mycelia after 7 days culture on ISP 2 agar. Spore chains are rectiflexibiles and the spore surface is smooth. Grows well at 20-30 u C, but not at 15 or 37 u C, and at pH 5.5-8.5. Grows with 0-5.0 % (w/v) NaCl, but not with 6.0 % NaCl. Grows on nutrient agar, but not on MacConkey agar. Catalase-and oxidase-positive. Does not reduce nitrate to nitrite. H 2 S is oxalic acid, melibiose, D-raffinose, D-mannitol, amygdalin, methanol, inulin, dextran, arginine, asparagine, aspartic acid, cysteine, glycine, isoleucine, leucine, lysine, methionine, proline, serine, tryptophan, tyrosine and valine. MK-9(H 6 ) and MK-9(H 8 ) are the predominant menaquinones and anteiso-C 15 : 0 , iso-C 15 : 0 , iso-C 17 : 0 , anteiso-C 17 : 0 and C 16 : 0 are the major fatty acids. The cell-wall peptidoglycan contains LL-diaminopimelic acid. The major polar lipids are diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylinositol mannosides. The cell-wall sugars are ribose, xylose, mannose and glucose.
The type strain, Gsoil 519 T (5KCTC 19139 T 5DSM 41871 T ), was isolated from soil of a ginseng field of Pocheon province, South Korea. The DNA G+C content of the type strain is 71.8 mol% (HPLC).
